Aim of this commentary is to analyze the relationships between genotypic bases and phenotypic expression of congenital "multiple pituitary hormone deficiency" (MPHD) syndrome and to indicate some reliable criteria for selecting the patients who should undergo genetic analyses in order to clarify the etiology of their disorder. On the basis of the most recent reports on this topic, it is possible to infer that: 1) in only few patients with congenital MPHD it is possible to detect a causative gene mutation; 2) therefore, it is fundamental to define some criteria for selecting the patients who should undergo genetic analyses; 3) such inclusion criteria should be based on the overall evaluation of hormonal clinical and neuroradiological phenotype; 4) it is crucial to consider whether the cases are sporadic or familial, since the probability of finding a causative gene mutation is distinctly higher in familial cases; 5) for PROP1 gene it is also important to consider the geographical origin of the patients, because this mutation is much more frequent in some ethnic groups.
Background
GH deficiency (GHD) is a relatively uncommon pathological condition, which should always be considered in the diagnostic work-up of a child with growth retardation and no other identified causes. Classic GHD has been reported as frequently as 1 in 4000 children [1] , but such prevalence rate may be even higher when acquired GHD, due to inflammatory or neoplastic endocranial diseases or to head and neck irradiation, is also taken into consideration.
Classic GHD has been considered for a long time as an idiopathic condition, secondary to decreased hypothalamic GHRH stimulation. In the last years, nevertheless, the exponentially increasing advances in genetic studies have allowed to clarify that some patients, who were previously classified as having an idiopathic GHD, may show a specific molecular defect in the genes that are involved in the regulation of pituitary organogenesis or function [2] . Such a novel diagnostic approach, based on genetic analyses, might involve both the patients with familial or sporadic hypopituitarism and those with isolated GHD or multiple pituitary hormone deficiency (MPHD) [2] . However, in a current environment of limited economic resources, it is essential to establish inclusion criteria for specific genetic analyses [3] .
The main genetic causes of some forms of congenital hypopituitarism have been recently systematically reviewed and it was concluded that fully penetrant mutations within known genes may be detected in only 20% of familial cases, whilst the frequency of mutations in sporadic cases is even much lower [3] . This might explain why, in most cases, the etiology of congenital hypopituitarism remains uncertain. However, novel genetic determinants of pituitary disorders will be probably identified in the subsequent years, with the availability of next generation sequencing technology in the diagnostic work-up of children with documented GHD [2] .
Aim of the present commentary is to analyze the relationships between genotypic bases and phenotypic expression of congenital MPHD syndrome and to identify some reliable criteria for selecting the MPHD patients who should undergo genetic analyses in order to clarify the etiology of their disorder.
Clinical and neuroradiological features of congenital MPHD syndrome
This condition is very often sporadic and only rarely familial and is preponderant in male sex [3] . It is characterized, by definition, by the impaired secretion of GH and one or more other pituitary hormones, as a consequence of either hypothalamic or pituitary disease.
According to the results of the recent study by De Rienzo et al. [3] , covering 144 Italian patients with congenital MPHD, GHD is always present, whilst gonadotropin and TSH deficiencies are not constant and are encountered, respectively, in 82 and 81.3% of cases. ACTH deficiency (57.6%) and diabetes insipidus (3.5%) are detectable in more limited percentages of patients [3] .
Clinical picture may present very early, at birth or shortly afterwards, with varying combinations of hypoglycemia and prolonged cholestatic neonatal jaundice in both sexes and microphallus and/or bilateral cryptorchidism in boys. In most cases, however, diagnosis is suspected during the first years of life, owing to the finding of a severe and progressive growth and bone age retardation [3] .
Extra-endocrine clinical manifestations include craniofacial defects, such as septo-optic dysplasia, holoprosencephaly, corpus callosum aplasia, ocular abnormalities, limited neck rotation and short cervical spine [2, 3] .
At intracranial magnetic resonance imaging (MRI), abnormalities of hypothalamus-pituitary region have been documented in an elevated percentage of the Italian patients with MPHD (82.4%). Pituitary hypoplasia is the neuroradiological alteration that is most frequently detected (61.4%), followed by either pituitary stalk abnormalities, or neuropituitary ectopia (20.2%), or both (14.0%). In 10.5% of the Italian patients with congenital MPHD, it is also possible to detect extra-pituitary neuroradiological abnormalities, such as septo-optic dysplasia or other midline defects [3] .
A possible cause of early onset MPHD syndrome is anterior pituitary agenesis (APA), a condition that has been reported very rarely in literature [4, 5] . Compared to the MPHD children with visible adenohypophysis, those with APA seem to be at higher risk of a very early onset of clinical endocrine manifestations [5] . In fact, the prevalence of microphallus, neonatal hypoglycemia and neonatal cholestasis was found to be significantly higher in APA children than in the ones with other neuroradiological abnormalities [5] . Therefore, it was inferred that the finding of a very early and severe clinical picture of MPHD, in a term newborn, should arouse the clinical suspicion of APA [5] , although it has to be underlined that an early onset hypopituitarism may also be associated with other neuroradiological abnormalities.
Etiological role of the main gene mutations in MPHD syndrome
The study by De Rienzo et al. [3] analyzed the prevalence of mutations in the most important genes that are involved in the regulation of pituitary ontogenesis and function (PROP1, POU1F1, LHX3, LHX4 and HESX1) in Italian patients with MPHD. The results were also compared with those reported in patients from other countries.
Among the 5 genes which were specifically analyzed in the study population by De Rienzo et al. [3] , the one that resulted to be most often mutated was PROP1: in 4/126 index cases analyzed (3.2%). These 4 patients did not exhibit a homogeneous clinical, endocrine and neuroradiological phenotype and 2/4 were sporadic, whilst the remaining 2 cases were familial. The overall PROP1 mutation rate was low in both sporadic and familial cases and similar to that recorded in other western European series [3] . PROP1 mutation rates were reported to be abnormally elevated in only few countries, such as Lithuania [6] , Russia [7] , Hungary [8] , Portugal [9] , Czech Republic [10] and Brazil [11] , where total mutation rate for both sporadic and familial cases of MPHD ranges from 64.8% in Lithuania to 17.2% in Brazil. In the remaining countries, total mutation rate for PROP1 in cohorts with MPHD ranges from 0.8 to 3. 7% [3] . In all geographical areas and ethnic groups, the relative frequency of PROP1 mutations is distinctly higher in familial cases than in sporadic patients: 48.5 vs 6.7% [3] . Another peculiarity of patients with PROP1 mutations is that they never exhibit alterations in the pituitary stalk or posterior hypophysis [12] .
In the Italian cohort of De Rienzo et al. [3] , another mutated gene was POU1F1: in 1/24 sporadic patients selected for this analysis, with an overall mutation rate of 4.2% for this gene. This patient exhibited, as expected, a deficiency of GH, TSH and prolactin, whereas ACTH production was normal and gonadotropin secretion could not be evaluated since, at the time of diagnosis, this girl was still pre-pubertal. At MRI this girl showed an anterior pituitary hypoplasia [3] .
From the review of the literature, it is confirmed that mutation frequency of POU1F1 gene in sporadic cases with CPHD is very low also in other ethnic groups: 1.6% [3] . Its mutation frequency seems to be distinctly higher in individuals with at least one affected relative: 21.6% [3] .
Finally, in the Italian study population of De Rienzo et al. [3] , 1/133 patients with MPHD was found to bear a HESX1 mutation (0.8%), whereas none of the 101 analyzed patients was detected to bear a mutation of LHX3 and LHX4 genes. The only one patient with HESX1 mutation was a sporadic case with both MPHD (GH, TSH and ACTH) and pituitary stalk abnormality and ectopic posterior pituitary, but no septo-optic dysplasia at MRI [3] .
In other MPHD cohorts, the only 3 mutations of HESX1 gene were found in sporadic patients, with an estimated frequency of 0.45%. Similarly, LHX3 mutations exhibited a global frequency of 0.5% (0.3% in sporadic cases and 11.1% in familial cases), whilst LHX4 mutations exhibited a global frequency of 0.9% (0.5% in sporadic cases and 18.8% in familial patients) [3] .
Finally, in a very limited cohort of 4 MPHD children with neuroradiologically documented APA, we were not able to identify any mutations of PROP1, POU1F1, LHX3, LHX4, HESX1 and ISL1 genes [5] .
How to select the patients with congenital MPHD for genetic analyses
On the basis of the available evidence, it is possible to infer that genetic analyses should be preceded, in every case, by a pituitary MRI. In fact, although an abnormal neuroradiological picture is not necessarily associated with a specific gene mutation, it has to be considered that pituitary imaging can represent a further element to guide genetic screening of MPHD, together with hormonal pattern and extra-pituitary phenotype.
The hypothesis of a PROP1 mutation has to be carefully considered in a patient with GH, TSH, prolactin and gonadotropin deficiency, especially when no alterations in the pituitary stalk or posterior hypophysis are detected at MRI. A further indication for the PROP1 gene study is the finding of an intracranial pseudo-tumor, which may be detected in more than 40% of the patients with this mutation during the first decade of life [13, 14] .
The hypothesis of a POU1F1 mutation is suggested by the finding of GH and prolactin deficiency, with severe growth retardation and variable degrees of TSH deficit.
A HESX1 mutation has to be taken into consideration in a patient with septo-optic dysplasia and variable degrees of pituitary hormone deficiency, ranging from isolated GHD to panhypopituitarism.
Mutations of LHX3 gene have to be suspected in individuals with variable degrees of anterior pituitary hormone deficiencies and extra-pituitary clinical manifestations, such as limited neck rotation and perceptive deafness.
The neuroradiological finding of a poorly developed sella turcica, in a child with congenital MPHD, should arouse the suspicion of a LHX4 mutation [3] .
However, the endocrine phenotypes of all these mutations may be characterized by variable degrees of anterior pituitary hormone deficiency, ranging from isolated GHD to the complete failure of all anterior pituitary cell lineages and this complex hormonal picture may be furtherly complicated by a possible evolution of the endocrinological status over the life-span of the same patient [15] .
Finally, another essential aspect which needs to be evaluated is whether MPHD syndrome is either sporadic or familial. In fact, all familial cases should undergo genetic analyses, since the probability of finding a causative mutation within any of the transcriptional factor genes is 63%, whilst such probability is very low in sporadic cases [15] [16] [17] . Therefore, in sporadic patients with MPHD, genetic analyses should be performed only in individuals coming from a country with high prevalence of specific mutations (e.g. Lithuania for PROP1 gene) or in cases with a specific hormonal, neuroradiological or extra-pituitary phenotype. By contrast, the genetic screening of pituitary transcription factors should not be part of routine work-up for Western-European sporadic patients with MPHD, as also suggested by other authors [15] [16] [17] .
Conclusions

1)
In only few patients with congenital MPHD it is possible to detect a causative gene mutation; 2) therefore, it is fundamental to define some criteria for selecting the patients who should undergo genetic analyses; 3) such inclusion criteria should be based on the overall evaluation of hormonal clinical and neuroradiological phenotype; 4) it is crucial to consider whether the cases are sporadic or familial, since the probability of finding a causative gene mutation is distinctly higher in familial cases; 5) for PROP1 gene it is also important to consider the geographical origin of the patients, because this mutation is much more frequent in some ethnic groups. 
